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ELECTRICAL TRANSMISSION SYSTEM 

The present invention relates to the transmfssion of electrical energy between different 
parts of a etnjc&ns - espetially undergrt^und. sub-sea or sub-seabed stmcturas. The 
invention Is more parb'cularty, though not exclusively, concerned with transmission along 
oil and gas pipelines, and espedaily In welts. 



Oil and gas wells cbnventlonalty utilise substantial lengths of steel pipework dudng 
drilling/perforating operations and. during production, for conveyance of the oil br gas to 

10 the surface. They are also typically equipped wiDi perfcmtore. pumps, valves, actuators, 
flowmeters, strain gauges, temperature and pressure monitors and/or other downhoie . 
instrunrantaAion at the bass of the wall, and optionally at other selaotsd positbns along 
the pipework, requiring the transmissbn of electrical power and/or data signale Utomfto 
the surface. The use of conventbnal discrete electrical cabling for this purpose Is 

15 pnsblematical, however. It has to be attached to the well idpework at a large number of 
separata, carefully chosen locations In an effort to minimise the likelihood of breakage or 
damage to the conductors at their insulation. Placement and protecQon of discrete • 
cabling is time consuming and does not ah/vays avoid the problems of breakage or 
damage. 

20 ' 

The pn&9$nt invention seeks to avoid these drawbacks and In one aspect resides in a 
structure of eleotrically conductive material provided with means for the transmission of 
electrical eneiigy between spaced locations along the structure, comprising a first layer of 
electrically insulatfve material deposited on the structure^ one or mora electrically 
25 conductive tracks deposited on said first layer, and a second layer of electrically 
insulative malarial deposited over said electrically conductive track(s). 

The Invention also resides In a method of providing a stnicture of electrically conductive 
material with means for the transmission of elec^ical energy between epaoad locations 
3D along the strudure which comprises the steps depositing a first layer of electrically 
insulative material on the structure;' depositing one or more electrically conductive Iracks 
on said first layer, and depositing a second layer of electrically InsulaUve material over 
said electrically conducQve traek(S). 

35 By thus providing insulated oonduclors Kitegrel with the structure the use of separate 
cabling for the transmission of power or data signals between diffierent locatloris on the 
strudura may be avoided. 



These and ^>th8r features of th6 Invention wit! now be mom parOcufarly described, by way 
of example only, with reference to the acoompanylng stshemattc drawings in whlch:- 

S Figure 1 is a e«is9 sedlon through part of a stmdum to which the invention may be 
applied, namely an oil well installation; 

Rflure 2 a transvafse cross section through part of the pipe string illustrated in Rgure 1 ; 
and > 
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FIflura 3 is an endfeWe vfew of part'of the pipe string iliustiBted In Figure 1. 



Figure 1 is a sfmprffied cross sedion Ihnougli part of a production oH well Installation 
which the Invention may be applied. It comprises a borehole through earth formation 1 
15 lined with a steel casiiig 2. Running down through the casing 2 fltjm the auriiace to the 
OR resenwir below is a steel pipe siring 3 assembled from successive sections SA joined 
end to end. and through which dB is conveyed to the suifaoe. Depending on the 
construction and location of the Ihataliation the annulus 4 between the pipe string 3 and 
casing 2 may contain, at dlRerant depths, earth, ofl or water, or cement or other packers 
20 to prevent displacement of the pipe s«ng In the borehole. . Although not shown In tha 
Rgure. various equipment and Instmmenfation associated with the operation of the well 
will be located at Its base, and other fnstnjmentafion for monitoring the condition of the 
Pipe string 3 may be located at various positions along its length, to which electrical 
power must be transmitted from the surilace and/or from which electrical data signals 
25 must he transmitted to Bid surface. Fpr this jjuipose each length of pipe 3A is provided 
With a multilayer coating as will now be described with reference to Figures 2 and 3. 

Figure 2 te a transverse cross section through a length of pipe 3A and its applied coating, 
not 10 scale, and Figure 3 is an end/side view of the structure of Figure 2, again not to 
30 scale, and with the outer coating layer partially omitted for ease of fliuslration. 

A first layer S of elecirically insuiative material Is deposited along the length of the outer 
surface of the pipe 3A over part (as shown), or possibly all. of its circumfeiBnce. A 
series of parallel tracks 6 of eleoirioaDy conductive material are then deposited on the 
3S insulative layer 5. Finally, a second layer 7 of electrically Insulatfve material is deposited 
over the tracKs 6 and on to the layer 5 between and around the tracks. In use the tracks 
6 sen^e tor the transmission of alactrical energy along the length of the pipe fo/ftom the 
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various downhole equipment and/or Instrumentation. The pipe 3A may Itself 
serve as an additional transmission path. The provision of multiple tracks 8 enables n 
pluraRfy of separate channels to be defm^ to a ranga of different equipment and/or 
b^trumentatton types, and useful redundancy In the event that individual tracks become 
$ damaged. 

Layer 6 serves to electrically insulate the tracks B from the pipe 3A and is preferably 
Gonriposed of a ceramio material, typically 0.1 to 0.3mm thick. Layer 7 senres to 
electrically insulate the tracks 6 from the environment or structure external to the pftsfe 
10 and to provide physical protection for tha conductive tracks during handling. Installation 
and use. It is also preferably composed of a ceramic material^ with a thickness of 
typically 0.1 to 0.3mm above the tracks 6. The compositions of the layers 5 and 7 may 
be the same or different, as layer 5 will be selected primarily for its electrical resistivity 
while layer 7 Is selected afeo for mechanical and chemical durability under the conditions 
15 likely to prevail in the intended service of the pipe. In one example which has been 
found to combine good electrical rsoiaticn with mechanical robMstness and resistance to 
oil and seawater the ceramic composition is predominantly alumina (AI2O3) blended with 
a minor proportion of litania (TkO;0« The conductors 6 are preferably of oopp^, ^picaily 
0.25mm thick* 

The materials 5, 6 and 7 are each preferably applied by a thermal spray process, either 
plasma spraying or high velodty oxy fuel (HVOF) spraying, with the use of suftabfe 
masks to define the bounds of the conductive tracks. Plasma spraying is a known 
proq^ Involving frie use of a high temperature plasma flame into which powder Is 
2S Injected, where Jt is rapidly heated and aooelerat^d to a high velocrty- The resultant 
stream of molten particles is directed against the substrate surliace, where the particles 
coalesce and cool to fbmi a coating, HVOF spraying is another known process where 
fUet (e.g. kerosene) and oxygen are fed to a combuslion chamber where the luel is burnt 
to produce a hot high pressure flame which is accelerated through an associated nozzle; 
30 Powder is injected Into the combustion chamber or nciTrle and once again the resultant 
stream of molten particles is directed against the substrate suriace, where the particles 
coalesce and cool to form a coating. 

Although not shown, the tracks 6 will be provided with termfnations at each end of the 
35 pope 3A through which they can be ereclrlcafly connected to the corresponding tracks on 
the ne)d pipe length, and twminals will also be provided where required for conneotton to 
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the respdcCve downhole equipmenWnstfumqntafion, This may be accomplished 
through selectfva masking of the tracks durttig application of the layer?. 
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CLAIMS 
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1. A stmcture erf ^tectrioally conductive material provided wHh means for the 
tranamlsalisn of electrical energy between spaced locations alons the structure, 

5 comprising a tiret layer of eiectrfcaliy I'nsuMive material deposited on the structure, one 
or more electrically conduct|v9 tracks deposited on safd flret fayer, and a second layer of 
electrically insulativa material deposited over said electrically conductive track(s}. 

2. A strucftJie according to claim 1 wherein the eledrically ihsulative material In said first 
10 and/Or second said fayar is a caramla 

3. A structure aooordlng to c^dm 2 wherein the electrically Insulative material In said ftst 
ancf/br second said layar composed predominanHy of alumina. 

IS 4. A structure acGording to claim 3 vvhereln the electrically insulative material in said first 
snd/or second said layer mdudes a proportion of titenia. 

5. A structure seconding to any preceding daim wherein one or more of said first and 
second layers of electrically insulative material and said electricaiiy conductive tradcCs) 

20 were deposited by a thermal spray process. 

6. A struoturiS according to claim 5 wherein one or more of said first and second layers 
of siBqtrically insulative material and said electrically conductive traol{(s) were deposited 
by piaana spraying or high vetodly axy fuel spraying. 

25 

7. A fifructurs according to any preceding dalm being a length of pipe. 

8. A structure according to any one of daims 1 to 6 being a pipeline for the corweyance 
of oil or gas. 

30 

9. A structure according to daim 8 being a pipeline in a well. 

10. A structura of ^ectricaliy conductive material provided with means for the 
transmission of electrical energy between spaced locations along the structure, 

33 substaniiaiiy as hsrelnbetore described with refiwence to the accompanying drawings. 
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11. A method of pnjvjdlng a structure of electrically conductive material with means 
for the transmission of electrical energy between spaoed focatlons along the structure 
which comprises the steps of; (1) depositing a first layer of eleclrlcafly insulative material 
on the structure: (2) depositing one or more electrically conductive tracks on said flret 
5 layer; and (3> depositing a second layer of electrically insulative materiar over said 
electricaiiy conductive traders). 

12. A method according to claim 11 wherein the eledricaHy Insulative material 
deposited in step (1 ) and/or {3} Is a ceramic. 

10 

13. A method according to daim 12 wherein Ihe- eleclilcally insulative material 
deposited In step (1) anchor (3) is composed predominantiy of alumina. 

14. A method acooPdfrig to claim 13 wherein the elecfricaliy ineufative material 
IS deposited in step (1)andft}r (3) indudes a proportion of tltanla. 




1 5. A method according to any one of daims 1 1 to 14 wherein one or more steps (1 ), 
(2) arKi (3> comprises a thermal spr^ pnacess. 

16. A method according to daim 15 wlierein one or more of steps (1), (2) and ^) 
comprises plasma epraying or high velocity oxy fUe) spraying. 

17. A method according to daim 11 substantlaiiy as hereinbefore desoril>ed VM'th 
referenod to the accompanying drawings. 
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ABSTRACT 

• Electrical Transmission System 

5 A system for the transmissiDn of electrical eneigy between diflerent parts of an 

electrically conductive fifructure. and In particular for trEnsmission of power and/or data 
signals to/from downhole equipment or Instrumentation m oO and gas wells. A first layer 
of electrically insiiJaHva material 5 is deposited cin tfia structure (e.g. <mI pipe string 3A). 
followed by a series of electrically conductive tracks 6 and a second layer of eledrfcally 
1 0 (nsulative material 7, Tlie tracks 6 which serve for the transmission of power and/or 
data signals are thus sandwiched between the layers 5 and 7, insulated from the 
structure 3A and the external environment and protected from dannag& layer 5,6 

and 7 is preferably deposited by a thermal spiiay proo^ sudi as plasma spiB^ng or 
high velocity oxy fLiel spre^ing. 

15 

Figure 2 refers. 



20 
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